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ABSTRACT

The U.S. Army Defense Ammunition Center and School (USADACS) has been
tasked by the U.S. Army Armament Research, Development and Engineer:ng
Center, ARDEC, SMCAR-ESK, thru the Storage and Outloading Division, USADACS.
to test a unitization procedure for the shipment of 75mm <+hru 106mm/4.2°
‘white phosphorus (WP) proiectiles. Proiectiles received for test.ng werc
inert-filled i0%mm WP, weighing about 25 lbs each. These preoiectiles war:
unitized in accordance with the unitization procedure and subjected to the
MIL-STD-1660 design criteria for ammunition unit loads. The unit.zation for

the 105mm WP projectiles satisfactorily completed this testing sequence.
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PART I

A. INTRODUCTION. The U.S. Army Defense Ammunition Center and School
{USADACS), Evaluation Division, was tasked by the U.S. Army Armament Re-
search, Development and Engineering Center (ARDEC). SMCAR-ESK, Rock Island.
IL, thru the Storage and Outloading Division, USADACS, to test %he un:tiza-
t:on procedure for 105mm WP projectiles in accordance with MIL-STD-1662

uni%izazion procedure :g Isr the shipmens of 7omx

[T

testing criter:ia. Thy
thru 106mm/14.2° projectiles. Th:is report contains the resuizs cf the MIL-
STD-1660 tests.

B. AUTHORITY. These tests were conducted in accordance with miss:ion
regsponsibilitiag delegated by the T.2. Army Armament, Munit:ons and Chem:ical
Command (AMCCOM) .

C. OBJECTIVE. The objective of the MIL-STD-1660 testing sequence (35 t¢

ver:fy the unitization procedure for 105mm WP projectiles.
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PART III.

TEST PROCEDURES

The test procedures ocutlined in this section are extracted from MIL-STD 166C.
Design Criteria for Ammunition Unit Loads dated 8 April 1977. This standard
identifies nine steps that a unitized load must undergo :f it is considered
to be acceptable. These tests are synopsized below:

i. STACKING TESTS. The unit load shall be loaded toc s:mulate a 3%ack of

identical unit loads stacked 16-fee*t high, for a pericd of one hour. Th:is
stacking load is simulated by subjecting the unit load to a compress:ion of
weight equal to an equivalent 16-foot stacking height. The compression load
is calculated in the following manner. The unit load weight is divided by the

unis load height in inches and multiplied by 132. The resulzing number .o o=z

¥

equivalent compressive force of a 16-foot high load.

2. REPETITIVE SHOCK TEST. The repetitive shock test shall be conducted :n

accordance with Method 5019, Federal Standard 10l. The test procedure 1s as
follows: The test specimen shall be placed on, but not fastened to, the
platiorm. With the specimen 1n one position, v;Sra:e the plasform at .. 2-.nach
amplitude (l-inch double amplitude) starting at a frequency of about 3-cvclas
per second. Steadily increase the frequency until the package leaves the-
platform. The resonant frequency is achieved when a 1/16-inch thick feel.er
may be momentarily slid freely between every point on the specimen in contacs:
with the platform at some instance during the cycle or a platform acceleration
achieves one plus or minus zero point one G. Midway into the testing period
the specimen shall be rotated 90 degrees and the test continued for the
duration. If failure occurs, the total time of vibration shall be two hours

if the specimen is tested in one position; and if tested in more than one

I11-1
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position, the total time shall be three hours.

3. EDGEWISE DROP TEST. This test shall be conducted by using the procedures

of Method 5008, Federal! Standard 101. The procedure for the Edgewise Drop
(Rotational) Test is as follows: The specimen shall be placed on its bottom

with one end of the base of the container supported on a sill nominally

6-inches high. The he:ght of the sill shall be increased 1f necessary to ensure
that there will be no support for the base between the ends of the container
when dropping takes place, but should not be high enough to cause the

container to slide on the supports when the dropped end is raised for the

drops. The unsupported end of the container shall then be raised and alliowed

to fall freely to the concrete, pavement, or similar underliying surface from a
prescrived height. Unless otherwise specified. the height of drcp fcr laval 2

protection shall conform to the following tabulation.

GROSS WEIGHT NOT EXCEEDING DIMENSIONS ON ANY EDGE HEIGHT OF DROP LEVEL
NOT EXCEEDING A PROTECTION
Pounds Inches Inches
500 ’ 72 23
3,000 no limit 24
no limit no limt ' 2

4. IMPACT TEST. This test shall be conducted by using the procedure ¢
Method 5023, Incline-Impact Test of Federal Standard 101. The procedure for
the Incline-Impact Test is as follows:

The specimen shall be placed on the carriage with the surface or edge which 1s
to be impacted projecting at least 2-inches beyond the front end of the
carriage. The carriage shall be brought to a predetermined posit:on on the

incline and released. If it is desired to concentrate the impact on any

III-2




particular position on the container, a 4x4-inch timber may be attached to zhe
bumper in the desired position before the test. No part of the t.mber shall
be struck by the carriage. The position of the container on the carriage and
the sequence in which surfaces and edges are subjected to impacts may be at
the option of the testing activity and will depend upon the objective of the
tests. When the test is to determine satisfactory requirements for a ccntain-
er or pack,and unless ozherwise specified, the specimen shall be sub;ected =:
one 1mpact on each surface that has each dimension iess than 9.5-feet. Unliess
ctherwise spec:ified, “he velocity at %‘ime of impact shali be 7-{eet per

second.
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PART 1IV.

TEST EQUIPMENT

TEST _SPECIMEN.

b

a. Drawing Number: Unitization Procedure

b. Width: 40 in
c. Length: 48 :in
d. Height: 22-1/2 :n
a. Weight: 2,050 lbs

2. COMPRESSION TESTER.

a. Manufacturer: OCrmond Scientific
b. Platform: 60 inches by 60 inches
c. Compression Limit: 50,000 pounds

d. Tension Lrmit: 50,000 pounds

(€]

TRANSPORTATION SIMULATOR.

2. Manufacturer: Gaynes Laboratory
b. Capacity: 6,000-pound pallet

2. 1/2-:inch Amplitude

d. Speed: 50 to 3000 cpm

e. Platform: 95 foot by 8 foot

>

INCLINED RAMP.

a. Manufacturer: Conbur Incline
b. Impact Tester
c. 10-Percent Incline

d. 12-foot Incline

Iv-1




PART V
TEST RESULTS

STACKING TEST.

jon

Pallet Weight: 2,050 lbs

Pallet Height: 22.5-1n

Test Load: 17.500 lbs.

The subject pailet was loaded %o 18,000 lb%s compression for a per:od 3f
one hour. At the end of that period of time, the compression load Jdecreased
vo 17,000 lbs. When the test specimen was removed Irom th2 compressisn
tester, no measurable deformation was realized.

2. REPETITIVE SEOCK TEST. The subject unitization successfully passed a

longitudinal transportation test in a 90-minute per:od. Rota<in 1las

t -
o2 23

o

90 degrees and subjecting 1%t to a second 90-minutve period 1in the transporta-
tion simulator caused no damage to the unitization or loosening of the strap-
ping. Operational speed for the transportation simulator was 175 rpm for the
duration of the %test. Input driving force from the transportation simuiater
during :hls-tesn was (.43 Gs acceleration.

3. EDGEWISE DROP TEST. Each side of the pallet base is placed, in turn, on

Lt

a beam d:splacing 1t six 1nches above the flocor. The oppczize side :
raised to a he:ght of 24 :nches above the floor and then dropped. A: <hs
conclusion of four edgewise rotational drops, one skid had cracked and
rartialiy separated from the base; this was the only damage cauzed to the

unitization during testing.
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The unitization under test 1s placed on “he :ncl:ined

ramp sled so that two inches of <he load extend :in front of the szied. Ths
gled with the unit load is raised approximately 36 inches and allowed to
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freely roll down the ramp into a solid stop. The procedure used includes an
optional 9-inch timber attached to the incline ramp wall. The optional

timber impacts the whole height of the skid and part of the base of the unit

load. This procedure is repeated once on each side of the unitization. No
damage occurred to the unitization when subjected to the inclined impact

test.
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PART VI

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS. The unitization procedure for 105mm WP projectiles was
tested in accordance with MIL-STD-1660 and passed all tests without sustaining
damage that would render the box of projectiles to be unsafe in handling or
transport.

2. RECOMMENDATIONS. It is recommendad that this unitizatlon procadure oe

accepted for transportation, storage, and handling of boxed 105mm WP

projectiles.
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PART VII

PHOTOGRAPHS




Photo No. 1. This photo shows the unitization procedure in the com-
pregsion tester loaded to approximately 17,500 1bs.
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DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 2. This photo shows the unitization procedure for 105mm WP
projectiles placed on the transportation simulator with a steel deck
and operated at 175 rpm for a period of 90 minutes in the longitudinal

——orientation, and gecond 90-minute period in the lateral orientation. ..




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, 1L

Photo No. 3. This photo shows the unitization procedure for 105mm WP
projectiles on the first edgewige drop test. Drop height is 24
inches. Damage was sustained in a gingle racked gkid.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 4. This photo shows the unitization procedure for 105mm WP
projectiles ready for the second edgewise drop test. Note the cracked
upper skid from the first drop test. Drop height is 24 inches.
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DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, |

Photo No. 5. This photo shows the unitization procedure for 105mm WP
projectiles ready for the edgewise rotational drop on the third side.
Drop height is 24 inches.
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DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 6. This photo shows the unitization procedure for 105mm WP
projectiles ready for dropping in the edgewise rotational drop on the
fourth side. Drop height is 24 inches. No damage was sugstained other
than the one cracked skid.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 7. This photo shows the unitization procedure for 105mm WP
projectiles after the incline impact test on the first side. No

damage occurred to the unitization.




DEFENSE AMMUWNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 8. This photo shows the unitization procedure for 105mm WP
projectiles after the second impact on the inclined tester.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, |

Photo No. 9. This photo shows the unitization procedure for 105mm WP
projectiles after the inclined impact test on the third surface. Note
that the impact area is on the top of the pallet and the lower 2 X 4.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 10. This photo shows the unitization procedure for 105mm WP
projectiles after the fourth inclined impact. No damage wag sustained
by the unitization.




PART VIII

UNITIZATION PROCEDURES
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